(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 
(43) 

(21) 
(22) 



Date of publication: 
04.10.2001 Bulletin 2001/40 

Application number: 01108046.2 

Date of filing: 29.03.2001 



(H) EP 1 139 523 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: H01S5/14 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 30.03.2000 JP 2000094212 

(71) Applicant: Ando Electric Co., Ltd. 
Kawasaki-shi, Kanagawa (JP) 



(72) Inventor: Asami, Keisuke, 
c/o Ando Electric Co., Ltd. 
Kawasaki-shi, Kanagawa (JP) 

(74) Representative: Grunecker, Kinkeldey, 

Stockmair & Schwanhausser Anwaltssozietat 
Maximilian strasse 58 
80538 MQnchen (DE) 



(54) Light source for an external cavity laser 

(57) A light source for an external cavity laser com- 
prises a semiconductor laser 1 having a first facet to 
which is applied an antireflecti on coating 1 A and a sec- 
ond facet to which is applied a increased reflection coat- 
ing 1 B defining a predetermined reflectivity, lenses 5, 6, 
a diffraction grating 2, and a mirror 3, wherein a light 
emitted from the first facet is converted into a parallel 



light by the lens 5, and the parallel light passes through 
the diffraction grating 2 to select a wavelength and is 
reflected to the diffraction grating 2 by the mirror 3 to 
select a wavelength via the diffraction grating 2 again, 
and the parallel light is converged by the lens 5 to be 
fed back to the semiconductor laser 1 , arid a light emitted 
from the second facets is converged by the lens 7 to be 
output to an optical fiber 4. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] This invention relates to a light source for an external cavity laser to be used in the field of optical communi- 

10 2. Description of the Related Art 

2- ^^Hlf 0 "^^^" e ^t m f ^ Vi ^' aSerinthere,at ^ art wi,lbedescribedbe,owwfth referenceto Figs. 8to11 
5A J J52 Ztole^lr ^ S ° U T f ° r a " eXtema ' l3Ser ° f the re,ated art ' an antireflectiS coming 
ooTtinn Tl 3 semicondu <*> r ,as er 15. A light beam emitted from the facet of the antireflection 

ZTlll *1 T« i I™** mt ° 8 Para " e ' Kght beam by a lens 5 - Wavelength selection of the parallel light S 
to neT™ wL f r i0r ! 9rat,n9 2 - Subse< » uent, y- * e «BM beam is returned to the diffraction grating 2 * a S 
!LeM teJ?SSi2L " ^ mS diffraCti ° n 9ratin9 2 and 10 feed back the "9M beam to the semiconductor 

[0004] With regard to the output light beam, the light beam emitted from the other facet of the semiconductor laser 

iiizztr? z^sr n r passa9e — h - ~* «• - ^™ 

b^ J dit^ SyStem , l " U t trat ! d in 8 fe CaHed 3 Rittman ^ and since wavelength selection is performed twice 
ge„c ra C " * * WaV6,ength m " M » a " d iS present * as «~ ™* 

25 SL^h a T 9 !« 6nt Sh ° Wn in Rg 9 " 8 beam sp,itter 9 " whteb takes out a part of the diffracted light beam 
1 5 and the diS « r drffra 5 tl0n u grating 2 1 ° s ^^"ductor laser 15, is equipped between the semiconductor leZ 
15 and the drffraction gratmg 2 of the light source for an external cavity laser of Rg. 8, and the diffracted liqht beamTo 

gLLTin ^ Stt hT V y haSjUSt Unde,90ne the Wave,en 9 th se,ection by the diffraction 
ST? ! ^ round-tnp. though the optical output will be somewhat lower in comparison to the output of the optical 
fiber 4, an exfremely pure s.ngle-wavelength light beam, which does not contain any of the spontaneous eSon 
SS^SiSST" SemiCOndUCt ° r — 15 ' Ca " be rained (referto jJn^^^ZZ^Z 

^uJ^^~Z^ Z°e. 3 fl,t6r 1 4 ' ^ " P ' ace ° f the diffraction graWng 

[0008] In a light source for an external cavity laser, such as those shown in Figs. 8 to 10, though the antireflection 
SJif ' S T^, t0 . f3C6t ° f the semfcond -tor laser 15 is essentiaTfor forming JlZSSS!? 
In^th J P t r0V ' d ! d PartiCU,ar Wm 3 due 10 reasons of «« and is left in the form of a cfeTaqe 

pZ laser " " *" e ' ement " C,6aVed; th6 iS proximately 32%), as in a genera. 

Sied to 9 on 1 e 1 fSt!?f f ° W eXa T' eS W , h6re 3 t0ta ' re,,eCt,0n C ° ating 1 6B ' with a ref,ectivit y °< substantially 1 00%, 
is app ,ed to one facet of a sem.conductor laser 1 6 at the side on which an antireflection coating 1 6A is not applied in 

[001 0] In the example shown in Fig. 1 2, since the total reflection coating 1 6B is used at one facet of the semiconductor 
ST*!*?" ° UtPUt " 9ht beam te ° btained as the 0th -° rder "9 ht of *• ^ion 9ra«ng 2 the sem,co ^tor 

5 a Fab™ SSSI'JSI e ^ erna ' ^ ,aSer ' Whe " ^ efficienc y of the res °" a tor drops below that 

taser e^on iondl^" T T °* "* C ' eaVage P ' aneS ' the ° ptfcal resonance itself and the 

laser emission conditions tend to become unstable. 

fS!Son^o a r 7™ ^™^%** e,f T nCy ° f reSOnat ° r ' the Pf0dUCt ° f the ot both facets of 

tne resonat or may be compared (in the case of an external resonator, the product of the reflectivity of the facet at one 

ssls on te" L a r:r acets is * 32% * - — - - * - -J s 
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[001 3] In the case of the external resonator type semiconductor laser light source, an antireflection coating is normally 
applied to one facet of the semiconductor laser, and the other facet of the semiconductor laser is a cleavage plane. In 
the case of an element for 1 550nm , this cleavage plane is a partially reflecting surface with a reflectivity of approximately 
32%. Thus in an external resonator, the semiconductor laser will not undergo emission by itself and laser emission 
5 occurs as a result of the feedback of light. The feedback efficiency thus corresponds to the reflectivity of the other facet. 
[0014] In case of the example shown in Fig. 8, if the coupling efficiency of the lens 5 is 50%, the diffraction efficiency 
of the diffraction grating 2 is 80%, and the reflectivity of the mirror 3 is 95%, thus: 

10 Feecfoack efficiency = 0.5 x (0.8 x 0.8) x 0.95 x 100 = 30.4% 

[001 5] It is found that the feedback efficiency is thus lowered to approximately 30%. 
[0016] Since the product of the reflectivities of both facets of the resonator is thus: 

0.32 X 0.304 = 0.097 

[0017] It can be understood that the efficiency of the resonator is lowered and the emission condition tends to be 
unstable. 

20 [0018] In the example of Fig. 8, since the light beam is made to undergo spectral separation twice by the diffraction 
grating in the round-trip in order to increase the wavelength selectivity, even if the diffraction efficiency is 80%, the 
efficiency is lowered to 64% in the round-trip. Accordingly, it is difficult to increase the feedback efficiency using the 
system of Fig. 8. 

[0019] Furthermore, in the light source for an external cavity laser of Fig. 9, since the beam splitter 9 is provided 
25 between the semiconductor laser 15 and the diffraction grating 2, the light beam passes through the beam splitter 9 
twice in addition to being diffracted by the diffraction grating 2 in the round-trip. Thus if the splitting efficiency of the 
beam splitter is given as 80% transmittance and 20% reflectance, the feedback efficiency is: 

3Q 0.5 X (0.8 X 0.8) X (0.8 X 0.8) X 0.95 X 100 = 19.5% 

[0020] Thus, the feed back efficiency is lowered to approximately 20%. 

[0021] Likewise, the product of the reflectivities of the facets of the resonator is: 

55 0.32 X 0.195=* 0^06 

[0022] Though it is desirable here to improve the coupling efficiency of the lens part, which is considered to be highest 
in loss, since the emission NA of the semiconductor laser takes on a large value of 0.4 to 0.5 and a cross-sectional 
40 area (emission area) of the active layer is only a few u.m, that is extremely small, it is difficult to achieve significant 
improvements even when an aspherical lens having low aberration, etc. is used. 

[0023] As shown in Fig. 10, the same applies in case where band-pass filter 14 is used. That is, since a band-pass, 
filter 14, that is narrow in half-width and excellent in wavelength selectivity, is generally high in transmission loss and 
the feedback efficiency thus tends to be low, it is also difficult to obtain stable oscillation conditions. 

45 [0024] Also in the examples shown in Figs. 11 and 1 2, though the optical output of the optical fiber 4 or the optical 
fiber 11 may be increased as much as possible by the application of the total-reflection coating 1 6B S since oscillation 
tends to occur readily even with a slight reflection at the facet on which antireflection coating 1 6A is applied, a composite 
resonator tends to be constructed, and thus it is difficult to achieve stabie emission without multi-modes and mode 
hopping as the light source for an external cavity laser (this is especially significant in the case of a variable wavelength 

50 light source) . 

SUMMARY OF THE INVENTION 

[0025] An object of the invention is to restrain unstable oscillation, such as multi-mode emission and mode hopping, 
55 and stabilize emission conditions in a light source for an external cavity laser even when the efficiency of feedback of 
light to the semiconductor laser is lowered by the loss due to various optical elements. 

[0026] In order to achieve the above object, according to a first aspect of the invention, there is provided a light 
source for an external cavity laser, for example as shown in Fig. 1, which comprises a semiconductor laser 1, having 
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an antiref lection coating 1 A provided on one end face thereof, and 

™J£\T"? f ° f T e u ema ' ^ ,aser converts a «9 ht beam emitt^ the end face at the antireflection 
222L J? ^r* 6 " ^fconductor laser 1 into a parai.e. light bmn^SS^SSZ 

toTeTavIen^ 

Zi wave,en ^" se, « :tl0n optical element 2 by means of a mirror 3, then feeds back the light to the abovemen 
rZToS*^ ' ^ 0,, ' e, ^ *"» - .en-con**, lassr 

pSsfs|=~ SHE 

imo an"XST ^ """ K ,ate " M " V ' ha *"'«'>«'<'•« b~m spme, 9 may h, cnvergad an- 

50 [0036] A partially reflecting mirror 1 7 may be used as the abovementioned mirror, and 

o^ ^aZVLZtn? th8t b ^ bBCk l ° ^ ab — «oned semiconductor laser may be converged and 

[0038] The abovementioned band-pass filer 14 may be a variable band-pass filter with which the film thickness is 
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varied in a continuous manner and 

a slide mechanism (indicated by the arrow) may be equipped for enabling the variation of the selected wavelength 
by the changing of the position of the abovementioned variable band-pass filter 14. 

[0039] Since a slide mechanism is equipped for varying the selected wavelength by the changing of the position of 
5 a variable band-pass filter, with which the film thickness is varied in a continuous manner, an arbitrary wavelength can 
be selected freely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w [0040] Fig.1 is a constructional view showing an arrangement of an embodiment to which the invention is applied 
and shows a light source for an external cavity laser according to a first embodiment. 

[0041] ; Fig. 2 is a constructional view showing a light source for an external cavity laser according to a second em- 
bodiment. 

[0042] Fig. 3 is a constructional view showing a light source for an external cavity laser according to a third embod- 
15 iment. 

[0043] Fig. 4 is a constructional view showing a light source for an external cavity laser according to a fourth em- 
bodiment. 

[0044] Fig. 5 is a constructional view showing a light source for an external cavity laser according to a fifth embod- 
iment. 

20 [0045] Fig. 6 is a constructional view showing a light source for an external cavity laser according to a sixth embod- 
iment. 

[0046] Fig. 7 is a constructional view showing a light source for an external cavity laser according to a seventh 
embodiment. 

[0047] Fig. 8 is a constructional view showing an example of a related-art light source for an external cavity laser. 
25 [0048] Fig. 9 is a constructional view showing another example of a related-art light source for an external cavity laser. 
[0049] Fig. 10 is a constructional view showing another example of a related-art light source for an external cavity 
laser. 

[0050] Fig. 11 is a constructional view showing another example of a related-art light source for an external cavity 
laser. 

30 [0051] Fig. 12 is a constructional view showing another example of a related-art light source for an external cavity 
laser. 

[0052] Fig. 13 shows a setting of the rotation center position of a mirror 3 in the light source for an external cavity 
laser according to the third embodiment. 

35 DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0053] The present invention will now be described in detail with reference to the drawings. 



First embodiment 

40 

[0054] 3 As shown in an arrangement of Fig. 1 , which is based on the related-art example of Fig. 8, a light source for 
an external cavity laser comprises a semiconductor laser 1, a diffraction grating 2, a mirror 3, an optical fiber 4, lenses 
5, 6, and 7, a optical isolator 8, etc. 

[0055] An antiref lection coating 1 A is applied to one facet of semiconductor laser 1 . 

45 [0056] A light beam emitted from the facet of semiconductor laser 1 at the antiref lection coating 1 A side is converted 
into a parallel light beam by the lens 5 and incidents on the diffraction grating 2. The parallel light beam that incidents 
on the diffraction grating 2 undergoes spectral separation according to wavelength in a radial manner and then incidents 
on the mirror 3. A light beam having a wavelength to incident perpendicularly on a reflecting surface of the mirror 3 out 
of the parallel light beam, which has undergone spectral separation by a diffraction grating 2, incidents on the diffraction 

so grating 2 again and is fed back to the semiconductor laser 1 along the original light path upon undergoing spectral 
separation again. 

[0057] A light beam emitted from the other facet of the semiconductor laser 1 is converted into a parallel light beam 
by means of the lens 6, transmitted through the optical isolator 8, and then converged onto the optical fiber 4 by the 
lens 7. Whereby lasing the output light beam is take out. 
55 [0058] Normally, an incident facet of the optical fiber 4 is polished at an angle of 6 to 8° in order to restrain the 
reflection, and an anti reflect! on coating is applied if necessary. 

[0059] With regard to the semiconductor laser 1 , although the facet at the side at which the output light is emitted is 
normally a cleavage plane (with a reflectivity of approximately 32%), in this embodiment, an increased reflection coating 
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f^^l^ aS , shown in R 9 1 in order to increase *e reflectivity further to approximately 40% 
wSS ^ supp,ementar y description of the increased reflection coating 1 B will be given 

S ^ST** refleC i i0n C ° atin9 1 B fe 3 ™° n COati " 9 that is aimed at incasing the reflectivity of the 

rjay?r cJatinT ^ ^ ^ ref,eCtivi * ~" ba obtained readily by means oft SeS 

SUShi? °t aSe "ft**! 9 feedbaQk effidenCy °' an extemal oscil,ator fe sli 9Mfy lower than the reflectivity of the 
cleaved facet, namely the feedback efficiency is about 30% sDecificallv within ?s w th« r Jl~«k1 .!#«T • ! 
ration coating IB is preferably one that sU* hcJ^K^ 

ee°Cr^ ^ 6fRCienCy ° f ° n,y aboul ha,f the reflactivityrthe^eaved facet , 2SSS 

S n i^„£?^ " the j nCreaSed re,leCti ° n COatina 1 B is raised ™ re necessary, since Fabry-Perot os- 
SESTi^ff occur (penodic power ripple arising according to wavelength becomes hig^ even with a very s iqht 
reflection at the facet of the semiconductor laser 1 on which the antireflection coating 1 A Is applied as* the relS 

2T7ST ^ 11 and 12, a composite resonator wi " befomed where,n ~oni„ ^^^SSt 

here iSSL? * * ?* eXtema ' reS ° nat ° r Accordi "9>y. an oscillation condition thus b«J»1SS?S 
there fore increasing the reflectivity more than necessary is not effective unsiaoie, and 

She^^rrge" 6 ° f ^ M " ~ fcB 1 8 * Preferab * - to a — low value 

[0066] A description of the embodiment of Fig. 1 will be continued 

reso?ator F as ^EStS^**' " 1 ' the Pr ° dUCt ° f the ^ivities of the facets of the 
resonator, as determined in the same manner in the related-art examples, is: 



0.4 x 0.304 = 0.12 



F^thJ^n 6 ? 016 " 0 ! °1 tne / eSOnat0r is thus im P«>ved in comparison to the value of 0.097 forthe arrangement of 
Fig. 8 that is not provided with the increased reflection coating 1 B. arrangement or 



Second embodiment 



2! f n arran f ment snown in F *9- 2 is based on the related-art example of Fig. 9. 

rui b ° d ' men * shown in R 9- 2, the reflectivity of an increased reflection coating 1 B is set to approximately 

52 /o. The product of the reflectivities of the facets of the resonator is- approximately 



40 0.52 X 0.195 = 1.01 



Sn 7 olh J" 6 e ^ fcieucy of the senator is thus improved in comparison to the value of 0.06 for the arranaement of 
Fig. 9 that is not provided with the increased reflection coating 1 B arrangement of 

ESS ,h?f USb I Pr0Vid i n ? the antiref,ection coating 1B, the efficiency of the resonator can be preventedfrom lowerina 



Third embodiment 



WT3] m a third embodiment of Fig. 3, the light source for an external cavity laser of Fig. 2 is provided with a rotation 

SST A m ™S ? y ^ a,TOW) f ° r Vafyin9 SeleCt6d Wave,en 9 th acc °i »' a " 4le of a So d 3 
m^L r0tat,0 f n t C8n * er P osrtio " * the mirrors is preferably set to aposition disclosed in "Novel geometry for sinole 
mode scanning of tunable laser (Karen Liu and Michael G. Liftman/Man* 1981/vol. 6 No 3/Optics L^tS 11 711 « 
• Referring to Fig. 13, specific explanation of the above will be given. Supposing that all, mediums of melenl 6 hi 

a^lTme^^^ 

toZL T T i ,,BCtl0n B converted - Then - a Portion of the facet of the semiconductor laser 1 atThe 

Snt^° n r G T reSP6Ct t0 the d,ffraCti0n 9rating 2 is defined 38 an °P«cal position C1 using theWnverted 
lengths. An intersection, where a line L1 passing through the optical position C1 intersects with a fcSSlZSS! 
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diffracting surface of the diffraction grating 2, is defined as a point C. The mirror 3 is disposed so that a line extended 
a reflection surface of the mirror 3 passes through the point C and the rotation center position of the mirror 3 corresponds 
to the point C. 

[0075] With this positional relationship, the external resonator type laser source according to the third embodiment 
5 achieves the continuous variation of wavelength without mode hopping. 

[0076] Incidentally, the third embodiment may also be applied to the light source for an external cavity laser shown 
in Fig. 1 . 

Fourth embodiment 

10 

[0077] In a fourth embodiment shown in Fig. 4, a band-pass filter 14 is used as an optical element for wavelength 
selection in the light source for an external cavity laser shown in Fig. 1 . In this case, a comer reflector (comer cube 
mirror) may be used as the mirror 3 in order to facilitate alignment. 

75 Fifth embodiment 

[0078] In a fifth embodiment shown in Fig. 5, the band-pass filter 14 is used as the optical element for wavelength 
selection in the light source for an external cavity laser shown In Fig. 2. In this case, a comer reflector (comer cube 
mirror) may be used as the mirror 3 in order to facilitate alignment. 

20 

Sixth embodiment 

[0079] In a sixth embodiment of Fig. 6, the band-pass filter 1 4 is used as the optical element for wavelength selection 
in the light source for an external cavity laser shown in Fig. 2, and in place of using the beam splitter 9 shown in Figs. 
25 2 and 5, the mirror 3 is made of a partially reflecting mirror 1 7 to converge a part of light returning to the semiconductor 
laser 1 into an optical fiber 11. 

Seventh Embodiment 

30 [0080] In a seventh embodiment shown in Fig . 7, a variable band-pass filter, with which film thickness is varied in a 
continuous manner, is used as the band-pass filter 14 in the light source for an external cavity laser shown in Fig. 5, 
and the variable band-pass filter 14 has a slide mechanism (indicated by an arrow) to be able to change the selected 
wavelength. 

[0081] This embodiment is also applicable to the light source for an external cavity lasers shown in Figs. 4 and 6. 

35 [0082] Accordin to the first aspect of the invention, since an increased reflection coating, provided with prescribed 
reflectivity characteristics, is applied onto the end face of the semiconductor laser on which the antiref lection coating 
is not applied, even if the efficiency of feedback to the semiconductor laser is lowered by the passage via the diffraction 
grating twice in the round-trip, a stable light source can be provided with which unstable emission, such as multi-mode 
emission and mode hopping, is restrained. 

40 [0083] In the invention, a pure single-wavelength light beam without spontaneous emission components can be 
obtained, and since an increased reflection coating is applied, a light source of stable emission conditions can be 
obtained even if the efficiency of feedback to the semiconductor laser is lowered to or below the level of the first aspect 
of the invention due to the passage of light through the beam splitter and via the diffraction grating twice in the round-trip. 
[0084] in the invention, the merit of being able to select an arbitrary wavelength freely is provided by the rotation 

45 mechanism that changes the selected wavelength by the changing of the angle of the mirror. 

[0085] In the invention, a pure single-wavelength light beam without spontaneous emission components can be 
obtained, and since an increased reflection coating is applied, a light source of stable emission conditions can be 
obtained even if the efficiency of feedback to the semiconductor laser is lowered to or below the first aspect of the 
invention due to the passage of light through the beam splitter and the band-pass filter twice in the round-trip. 

so [0086] In the invention, a pure single-wavelength light without spontaneous emission components can be obtained, 
and since an increased reflection coating is applied, a light source of stable emission conditions can be obtained even 
if the efficiency of feedback to the semiconductor laser is lowered. 

[0087] In the invention, the merit of being able to select an arbitrary wavelength freely is provided by the slide mech- 
anism that changes the selected wavelength by the change of the position of a variable band-pass filter, with which 
55 the film thickness is varied in a continuous manner. 
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1 . A light source for an external cavity laser comprising: 

a semiconductor laser including a first facet with an antireflection coating, and a secondfacet with an incrrapH 

I ^nf 0 ' T nVerti " 9 ,hS ,i9ht b6am emltted from first facet irrt ° a Parallel light beam- 
I J^T ° r ° omert,n 9 the "'9 ht beam emitted from the second facet into a parallel light beam- 

a wave ength selectton optical element for selecting a wavelength of the parallel light beam and I emm'ino th e 
parallel light beam having the wavelength selected- and 9 the 

a mirror reflecting back the parallel light beam emitted from the wavelength selection optical element so that 
the wavelength of the para.le. light beam is selected twice in the wavelength selectfon opSal ete^eT 

the light beam emitted from the second facetis converged by thesecond .ens to be ou^ut to a first optica, fiber. 
2. The light source according to Calm 1 , wherein the wavetength seiect.on optica, etement is a diffraction grating. 

the parallel light taken out by the beam splitter is converged to be output to a second optical fiber. 

4 

^Z e ^2;^^L pa ^z. ,i9ht beam se,ected in the — * — +~ — * 

5. The light source according to claim 1 , wherein the wavetength selection optica, element is a band-pass fitter. 

6. The light source according to claim 5, wherein the mirror reflects a part of the parallel light beam and 
the part of the para.ie. light fed back to the semiconductor .aser is converged to beoutpuUo an optica, fiber. 

" tttme^ 

a slide mechanism is provided to vary a position of the variable band-pass filter and 
^d; e Ser e,eCted ^ ^ Vanab,e fi,ter iS Ch3nged aCCOrdin 9 * the P-*» of the variable 



25 



30 



35 



40 



45 



50 



55 



C1D: <EP 1139523A2_L> 



8 



EP 1 139 523 A2 



FIG. 1 




6 1 5 



FIG. 2 
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FIG. 9 




FIG. 10 




CID: <EP 1 1 39523A2_I_> 



13 



EP 1 139 523 A2 




<EP 1139523A2J_> 



14 



EP1 139 523 A2 



FIG. 13 
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(54) Light source for an external cavity laser 

(57) A light source for an external cavity laser com- 
prises a semiconductor laser 1 having a first facet to 
which is applied an antireflecti on coating 1 A and a sec- 
ond facet to which is applied a increased reflection coat- 
ing 1 B defining a predetermined reflectivity, lenses 5, 6, 
a diffraction grating 2, and a mirror 3, wherein a light 
emitted from the first facet is converted into a parallel 



light by the lens 5, and the parallel light passes through 
the diffraction grating 2 to select a wavelength and is 
reflected to the diffraction grating 2 by the mirror 3 to 
select a wavelength via the diffraction grating 2 again, 
and the parallel light is converged by the lens 5 to be 
fed back to the semiconductor laserl , and a light emitted 
from the second facets is converged by the lens 7 to be 
output to an optical fiber 4. 
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